The objective of this study was to investigate how broiler breeder hens partitioned dietary metabolisable energy (ME) at low temperatures. Performance of caged broiler breeders fed equal quantities of nutrients (other than energy) was measured in six environmental chambers, with temperature being kept constant at 10, 12.5, 15 (two chambers), 17.5 and 20°C. Throughout the twelve-week trial, birds were fed 160g/d of one of four diets containing 12.9, 11.9, 10.5 or 9.7 MJ ME/kg, which provided 2064, 1904, 1680 or 1552 kJ ME/bird d. The reduction in daily energy allocation decreased body weight and weight gain, while egg weight was not affected. Rate of lay and egg output were similar among birds fed 2064, 1904 and 1680 kJ ME/d, while dietary energy allotment of 1552 kJ ME d depressed rate of lay and egg output by 16.1% and 19.4 g/d respectively. The proportion of lipid in the body increased with increasing energy intake, while percentage water, protein and ash decreased. Decreasing the temperature from 19.5 to 9.9°C depressed rate of lay and egg output, while body weight, weight gain and egg weight increased. Temperature had no effect on the proportion of carcass constituents. ME intake (in kJ/d), as a function of body weight (W, kg), egg output (EO, g/d), growth (∆W, g/d) and temperature (T, O C) was estimated to be ME = W (383 -T) + 6.4 EO + 9.9 ∆W or ME = W (383 -T) + 6.4 EO + 53.5 ∆L, where ∆L is lipid gain (g/d). The maintenance of broiler breeder performance at energy intakes that are lower than recommended by the breeding company, and the linear effect of low temperatures on maintenance, have important implications when modelling the effect of nutrient intake on the performance of broiler breeder hens.
Introduction
The amount of energy to be allocated daily to broiler breeders is difficult to prescribe because their daily energy requirements change with egg production and with fluctuations in environmental temperature. The effect of temperature on metabolisable energy (ME) intake has been widely investigated in laying hens but not in broiler breeder hens. Emmans (1974) reviewed the effect of temperature on energy intake of laying hens and partitioned energy between maintenance, egg production and growth: M = aW(T) + c∆W + dE where M is daily intake of ME, W is body weight, ∆W is body weight change, E is egg output (g/bird d), T is environmental temperature, and a, c and d are the coefficients for maintenance, growth and production, respectively. He found that weight gain and egg output in birds fed equal amounts of nutrients were virtually unaffected by temperature over a wide range, as was the composition of the eggs produced and weight gained.
Temperature is the major environmental factor that influences heat production, measured mainly as energy required for maintenance. Energy required for maintenance in laying hens has been reported to decrease both linearly (Emmans, 1974; NRC, 1994) and quadratically (Peguri and Coon, 1988 , as cited by Sakomura, 2004) with increasing temperature. In full-fed laying hens, birds have the chance to adjust their feed intake in order to meet their energy requirements. However, with controlled feeding of broiler breeders, meeting the energy requirement of the birds is partly under control of the poultry nutritionist who allocates a fixed amount of food every day to the flock. When the environmental temperature falls the amount of food or energy provided must therefore be adjusted, so laying hen models are not appropriate for broiler breeders.
A few studies have been conducted to model energy requirements of broiler breeder hens. Energy required for maintenance was found to decrease linearly in broiler breeder pullets as temperature increased (Sakomura et al., 2003) and quadratically in broiler breeder hens (Rabello, 2001; Rabello, in press , as cited by Sakomura, 2004) . However, it is still not clear how the breeder hen will partition dietary energy when feed intake is restricted. The present experiment was designed to study the simultaneous effects of temperature and dietary energy intake on the performance of broiler breeder hens fed equal quantities of nutrients (other than energy), and to investigate how these hens partitioned their dietary ME at low temperatures.
Materials and methods
288 Cobb broiler breeder females were housed in six environmentally controlled chambers at 44 weeks of age for twelve weeks. Each chamber housed 48 hens in individual cages arranged in four rows, each row having two levels of 12 cages. Each cage was supplied with one nipple drinker and drip cup, and one feeder. During the first six weeks of the trial the temperatures in the chambers were kept constant at 12, 15 and 20°C, while temperatures of 10, 15 and 17.5°C were used during the second six-week period. Data were collected throughout each period but only those from the final three weeks of each period were used in the analysis. The lighting program was 16L: 8D (04:00-20:00) throughout the experimental period.
Throughout the 12 weeks each hen was fed 160g daily of one of four feeds containing 12.9, 11.9, 10.5 or 9.7 MJ AME n /kg. The amino acid contents were formulated to provide the same daily requirements for each of the four experimental feeds according to the breeder's recommendations. Feeds were analysed for AME, protein, digestible amino acids and calcium content (Table 1) . Body weight was recorded bi-weekly. Weekly food intake was calculated by subtracting the amount remaining at the end of each week from the amount fed. Egg production was recorded daily, and egg weight on three days each week. Temperature was recorded every five minutes throughout the trial, using Hobos, from which a weighted mean temperature was calculated. Twelve birds were sacrificed at the beginning of the trial, and at the end of each six-week period three birds from each feed and temperature (a total of 36 birds per period) were sacrificed for carcass analyses. At the end of the first six-week period, the sampled birds were replaced with birds from the same flock. Defeathered carcasses were analysed for gross energy (GE), protein, moisture and ash. All results were converted to percentages on a wet basis. The lipid content (LC) of the body was estimated from the GE concentration using the following equation (University of KwaZulu-Natal, unpublished data): LC = -0.8756 + 0.004754 GE.
As a means of predicting the chemical composition of all birds in the trial a regression analysis was first performed of carcass weight on body weight using the carcass analysis data collected at the end of each six-week period. The carcass water, protein, lipid and ash contents of birds on each treatment were then predicted from the relevant regression equations relating these components to carcass weight, from which daily gains in these components were calculated.
Treatment means were calculated, using the general analysis of variance in Genstat (1997) , from the results collected during the final three weeks of each period, on the assumption that by this time the responses would have stabilised on each treatment. A multiple linear regression analysis was performed to determine the effect of dietary energy concentration and temperature on rate of lay, egg output, egg weight, bodyweight, change in bodyweight and all chemical components of the body.
Results and discussion
The objective of this trial was to determine how broiler breeder females partition a fixed daily allocation of dietary energy between maintenance, egg production and body growth as the environmental temperature is decreased below 20 o C. The main effects of dietary energy allocation and temperature on rate of lay, egg weight, egg output, body weight, average daily gain, energy intake and carcass constituent gain over the final three weeks of the two six-week periods are given in Tables 2  and 4 . The effect of dietary energy allocation on bodyweight and proportion of carcass constituent of broiler breeders is shown in Table 3 . The resultant regression equations for each dependent variable, obtained by linear regression, are presented in Table 5 . Mean daily energy intakes of birds fed diets containing 12.9, 11.9, 10.5 or 9.7 MJ /kg were 2000, 1861, 1667 and 1533 kJ ME/d, respectively.
The problem of overfeeding broiler breeders is a real concern to any broiler breeder manager, because it leads to the deposition of body fat, which has a negative effect on reproductive performance (Pearson and Herron, 1981) . Underfeeding is also of concern, especially with day-to-day fluctuations in temperature and the social hierarchy at the feed trough that may prevent birds from accessing equal quantities of food each day. The results of this research show that within the thermoneutral zone, broiler breeders are capable of maintaining their egg production at an energy intake that is much lower than is recommended. Rate of lay and egg output both decreased (P<0.001) with energy intake. Dietary energy allotment of 1533 kJ
Figure 1 Observed and fitted relationship between rate of lay (%), egg output (g/d) and energy intake (kJ/d). Observed mean rate of lay (■) and egg output (▲) and the trends (▬ rate of lay, ▬ ▬ egg output)
The Cobb breeding company recommends an energy intake during the laying period of 1840 to 1955 kJ ME/bird d. An energy intake as low as 1667 kJ ME /d resulted in the same performance as an intake of 2000 and 1861 kJ ME /d, without hens having to draw on body lipid reserves, as they gained weight when fed these amounts of energy. Dietary energy concentration had no effect on egg weight, but both body weight and ADG decreased (P<0.001) with decreasing energy allotment. There was a linear response (P<0.001) in ADG to increasing energy intake, an extra 100 kJ of energy intake/d resulting in an increase of 1.6g/d in ADG. Defeathered carcasses at 44 and 50 weeks contained 622 ± 24 and 605 ± 37g moisture, 167 ± 8 and 169 ± 10g protein, 178 ± 29 and 193 ± 38g fat and 59 ± 7 and 59 ± 8g ash/kg, respectively (mean ± standard deviation). The proportion of lipid increased linearly (P<0.001) with energy intake, an extra 100kJ of energy intake /d resulting in an increase of 13g lipid/kg. However, water, protein and ash decreased linearly (P<0.001, P<0.001 and P<0.001, respectively) by 10, 3 and 4g/kg, respectively with each additional 100kJ of energy intake /d (Table 3) . An ME intake of 1533 kJ ME /d depressed performance dramatically, with a concomitant loss in body weight. However, as temperature dropped, performance of birds fed 11.9, 10.5 and 9.7 MJ /kg decreased; rate of lay and egg output decreasing (P<0.001) by 1.7% and 1.4g/d, respectively / o C increase in temperature, while birds fed 12.9 MJ /kg maintained their performance. An ME intake of 1861 kJ /d was not sufficient to sustain performance at temperatures below the thermoneutral zone. There was no significant interaction between dietary energy content and temperature for body weight, average daily gain or egg weight.
In order to partition the energy requirements of broiler breeder hens an accurate estimate is necessary of the energy required for maintenance and production. The mean (± SD) temperatures were 19.5 (±1.1), 17.0 (±2.0), 14.8 (±2.0), 12.2 (±1.0) and 9.9 (±1.9) ºC. The relationship between temperature and body weight, average daily gain, egg weight, rate of lay and egg ouput were linear (P<0.001 in all cases) with average daily gain and egg weight increasing by 0.4g/d and 0.2g, respectively, and rate of lay and egg output decreasing by 1.3 eggs/100 bird d and 1.0g/d, respectively per o C (Fig. 2) . Temperature had no effect (P>0.05) on ME intake or the proportion of carcass constituents. Egg production declined linearly throughout the range of temperatures used indicating that the birds were using increasing amounts of dietary energy for maintenance, leaving less available for production as the temperature declined. By subtracting the energy required for the observed egg output and weight gain from the energy supplied the additional amount required as temperature declined could be estimated by regression analysis.The regression equation for predicting ME intake (kJ/d), as a function of body weight (W, kg), egg output (EO, g/d), average daily gain (∆W, g/d) and temperature (T, O C) was estimated to be ME = W (383 -T) + 6.4 EO + 9.9 ∆W (P<0.001, R 2 =50.4%), or ME = W (383 -T) + 6.4 EO + 53.5 ∆L (P<0.001, R 2 =51.3%), where ∆L is lipid gain (g/d). Temperature had a linear (P < 0.001) effect on energy required for maintenance, increasing by 1.0 kJ AME/d. kg W. o C from 19.5ºC to 9.9ºC. Low temperatures have no effect on egg production in hens fed ad libitum, but where energy intake is restricted, as in this case, hens would need to partition energy differently, reducing rate of laying to accommodate the higher maintenance requirement. A consequence of the reduced rate of laying was an increase in egg weight, possibly due to the additional time that the yolk spent in the ovary, and lipid reserves. Dietary protein consumed in excess of requirement, resulting from the lower production, would have had to be deaminated and converted to body fat. This may explain the observed increase in lipid reserves.
The maintenance of broiler breeder performance at energy intakes that are lower than recommended by the breeding company, and the linear effect of low temperatures on maintenance, have important implications when modelling the effect of nutrient intake on the performance of broiler breeder hens.
